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DIRECTOR NOTES

This month the 49th Shock and Vibration Symposium will be held. Those attend-
ing the Opening Session will hear about the increased emphasis on large space
structures technology. Space missions involving large, flexible structures have been
considered for years, but it is the Space Shuttle’s capability to handle these struc-
tures that has provided the impetus for a major program to move the structural
designs from the paper to the hardware stage in a reasonable time frame. The
structures to be used may be deployable, built on the earth and unfolded in space,
or they may actually be erected while in orbit. In any event, we are faced with
significant new challenges in structural dynamics.

Structural analysis techniques will be a major area of emphasis, since full-scale
tests of such systems will not be possible on the ground. For the first time a total
functioning system will be built in space, while never having been built on earth.
Furthermore, a new set of dynamic problems will be faced. The extreme flexibility
of the structures means very low natural frequencies and high excursions. Factors
related to the operation of structural flexibility and momentum exchange con-
trollers will have to be included in the analysis. It looks like there are some ex-
citing prospects for technological breakthroughs. Both the National Aeronautics
and Space Administration and the Department of Defense have programs in this
area. We look forward to some very interesting publications as a result of their
combined efforts.

H.C.P.




EDITORS RATTLE SPACE

ENCOURAGING INNOVATION

A recent editorial in Physics Today* by J.E. Goldman, Chief Scientist of the
Xerox Corporation, stressed the continuing concern of the federal government
and business about US innovative capacity. The following quote from Goldman’s
editorial summarizes the situation as he sees it. “What has often been overlooked
in these deliberations (those of the business community and of the Commerce
Department) and their stated conclusions is the relationship between academic
research and the body of industrial innovative capacity. It is, after all, the industrial
environment that is most conducive to promoting a discovery or invention to the
status of innovation. If we are to invigorate our national capacity to innovate, we
must enhance the coupling of the academic technical culture to the fertile innova-
tive fields of business entrepreneurship.”

Admittedly Mr. Goldman'’s goal is a noble one -- but how can it be achieved and is
such a coupling of academia and industry a problem. In my opinion it is. | frequent-
ly meet engineers in industry who are struggling with problems that could be solved
using available technalogy, However, much of the research performed in academic
institutions is never usefully applied. How can the gap between these two groups
be closed; in other words, how can the atmosphere for an effective interchange
of ideas be created. On the one hand are the skeptics of industry who don’t trust
the academic community. On the other hand is the academic group who either are
not interested in solving real problems or do not know how to get involved.

Goldman suggests that the formation of small technology-oriented companies
would help to close the gap. Small companies take undeveloped ideas from large re-
search firms -- including government, industry, and academically-oriented institu-
tions - and develop them for commercial use. This is a good but limited approach.
In my opinion a more sweeping approach to the problem is needed, for instance, an
increase in the number of academic consultants and industry advisors. There is
presently a body of professors who consult for industry and thus help to develop
products and techniques. And some colleges invite engineers from industry to
participate in developing curricula and problems for design classes and in other
academic affairs. This interaction should be expanded to its fullest potential.

HLE.

*Physics Today, 31 (8), Aug 1978.




GUIDED SOUND TRANSMISSION THROUGH LAYERS

N. Romilly*

Abstract - This paper reviews the analysis of sound
transmission through single and double panels and
thick layers. Mathematical methods are briefly
described, as is recent experimental work. Sugges-
tions for future research are presented.

Although the subject of sound transmission through
a layer is of practical importance, consideration
until recently was restricted mainly to the simplified
model of transmission through an unbounded layer.
However, boundaries exist in any practical system,
and their effects must often be considered if realistic
results are to be obtained. This is true, for example,
in the case of acoustic test chambers. On a smaller
scale acoustical experiments on sound transmission
are conducted in'a waveguide.

In recent years the study of sound transmission
through a bounded layer - that is, guided sound
transmission -- has received considerable attention,
and much progress has been made in theoretical and
experimental work. This paper is a brief description
of the work and the methods used. Mathematical
details are not given. For complete details the reader
should consult the references. A summary of mathe-
matical methods has been presented [1]. The meth-
ods used include normal mode theory and techniques
for inverting infinite matrices.

SINGLE PANELS

For a thin layer a frequently used model for theore-
tical analysis and experiments is a panel occupying
the cross section of a waveguide. The waveguides
usually have a circular cross section or parallel plane
boundaries. Suitable models for the panel include a
stretched ideal membrane or a thin elastic plate;
these models represent the two extremes in which
either stiffness or tension may be neglected. Even
with such simple models, however, the boundaries
complicate the analysis.

A formal solution in integral form has been pub-
lished [2] for the transmission of a plane sound

*Dept. of Applied Mathematical Studies, University of
Leeds, Leeds LS2 9TJ, England

wave through an ideal stretched membrane in a rigid
duct of arbitrary cross-sectional shape. An approxi-
mate solution was obtained for the case of a cir-
cular duct cross section. Frequencies of complete
transmission or reflection were predicted. An approx-
imate solution to the same problem was obtained
with a variational method (3] .

Young [4] extended the work of Ingard (2, 3]
and found an approximate solution for a membrane
replaced by a thin elastic plate. An approximate
solution using normal mode methods has been
published for the transmission of a particular sound
wave, a (0, 1) mode, through a thin elastic plate
occupying the cross section of a rectangular wave-
guide.

The exact solution, in infinite series form, has been
presented for the transmission of any axially sym-
metric sound wave through an ideal stretched mem-
brane occupying a cross section of a circular wave-
guide [6]. The circumstances under which the exact
solution for an incident plane wave agreed with the
approximate theory of Ingard were discussed. It
was also pointed out that similar analyses would
lead to corresponding exact solutions for a membrane
in a parallel-plane waveguide and for a clamped plate
occupying a cross section of either waveguide.

The exact solution for guided sound transmission
through a panel exhibiting both stiffness and ten-
sion has been published [7]. For plane wave trans-
mission the results were qualitatively similar to the
case of an unstiffened membrane or that of a plate
without tension. However, it was noted that stiffness
or tension decreased transmission at low frequencies
and increased it at higher frequencies. In experiments,
the presence of stiffness or tension could produce
marked discrepancies from results predicted by
neglecting these effects. The differences would be
most marked in the neighborhood of resonance
frequencies, because of the shift of the resonance
peaks. Certain exact solutions have been amenable
to easy computation because they involved the sum-
mation of one infinite series that was rapidly conver-
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gent at low frequencies [6, 7] .

Sewell [8] used the solution for the clamped cir-
cular panel to obtain a transmission factor for a rever-
berant incident ficld; ie., for a field produced by a
uniform distribution of sources over a cross section
of the wavequide. He observed that the clamped
edge condition might not always be appropriate -
that in some instances the edge conditions of simple
support might be more appropriate. However, the
analysis did not apply directly to simple support
edge conditions.

Romilly [9] extended Sewell’s analysis and obtained
the exact solution for the transmission of any
symmetric incident waveguide mode through a sim-
ply supported elastic plate. The results were more
complicated than those for a clamped panel. The
solution involved three infinite series, but they were
rapidly convergent and thus suitable for computa-
tion. For an incident plane wave the transmission
was qualitatively the same as for the clamped edge.
Quantitatively, however, the effect of simple support
edge conditions was to allow greater transmission
at low frequencies, but less transmission at higher
frequencies. In experimental work the edge condi-
tions could cause considerable discrepancies from
predictions based on clamped edges. particularly
close to resonances, because of the shift of the
resonance peaks. This is especially true when the
resonance peaks are sharp.

Romilly’s solution [6] has been applied to the
transmission of a pulse through a cavity-backed
circular plate in a cylindrical waveguide.

DOUBLE PANELS

Sound transmission through double panels is a
problem of theoretical and experimental impor-
tance. The unbounded case has been considered
[15], but until recently, progress in the theory of
bounded double partitions was limited. Application
of the procedure for single panels would result in
a theoretical model of two panels occupying cross
sections of a waveguide. The theoretical treatment
of such a model would be considerably more dif-
ficult than that for a single panel. Each mode incident
on the first panel gives rise to an infinite number of
transmitted modes; each of these in turn gives rise

to an infinite number of reflected modes at the
second panel. Each reflected mode at the second
panel gives rise to an infinite number of reflected
modes at the first panel, and so on, ad infiniturn.
The probability of finding an exact solution to such
a problem appeared doubtful, however, it has been
shown [16] that an exact solution is possible. An
exact solution was obtained for the problem of the
transmission of a symmetric sound wave through a
double partition contained in a parallel-plane wave-
quide with rigid walls. A membrane model was used
for the two leaves of the partition. A similar analysis
could be applied to the case of a cylindrical wave-
guide and should also be applicable when the leaves
of the partition are elastic plates. The solution gives
the transmitted wave corresponding to any incident
mode in terms of six singly infinite series. No special
assumptions for the parameters describing the model
are necessary, including those for the region of
critical frequencies. For the important case of an
incident plane wave the form of the transmission
coefficient involves four real singly infinite series
The result is complicated, but the four series converge
rapidly, so that the solution is suitable for computa-
tion. One interesting difference from the case of the
single panel is that there are in general no frequen-
cies of complete transmission or reflection of a plane
wave for the double partition.

THICK LAYER

The case of transmission through a layer that cannot
be treated as a parcel - i.e., a thick layer - is des-
cribed in this section. Even though the thin plate
model is satisfactory at low frequencies, it is not
necessarily suitable for higher frequencies, and a
more exact model might be required. The exact
solution for sound transmission through a thick layer
of an elastic solid in a waveguide with rigid lubricated
walls has been published [11]. Each incident mode
excited only the same mode on the other side of the
layer; the nature of the transmission depended
upon the frequency range.

Other boundary conditions have apparently not been
studied. Realistic conditions might be bonding of the
layer to the walls of the guide or free edges of the
solid. If previously described methods are used, the
displacement in the solid might be represented by
an infinite series of fundamental solutions of the
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elastic equations. Because each fundamental solution
would satisfy the conditions at the walls of the
guide, a transcendental frequency equation [12]
would arise. A more fundamental difficulty than
the fact that no analytical solution of the frequency
equation can be given is that fundamental solutions
are not sufficient to satisfy all conditions at the
interfaces [13]. Alternative approaches using Fourier
series expansions also lead to as yet unresolved dif-
ficulties. Progress will require consideration of
simpler models for the elastic layer [14] .

MATHEMATICAL METHODS

For single panels the problem of sound transmission
through layers can be formulated either in integral
equation form using Green’s functions or in terms
of normal mode theory. The integral equation ap-
proach is useful for approximate solutions. For the
exact solutions mentioned above the normal mode
method is used. It is briefly described below. The
pressure in the waveguide is governed by the usual
scalar wave equation. When waves of a particular
frequency are considered, the pressure on each side
of the panel can be expanded into a series of wave-
guide normal modes. These normal modes correspond
to specific waves that could propagate along the
wavegquide at the particular frequency in the absence
of the panel. The waveguide contains incident and
reflected modes on one side of the panel. The other
side is assumed to be either infinite or to be ter-
minated by a perfect absorber. A transmitted wave
thus travels in one direction. The driving pressure
on the panel is calculated from the pressures in the
two parts of the waveguide. The driving pressure
provides the forcing term in the equation of motion
for the panel. The solution to this equation is the
motion of the panel as the sum of a free vibration
and a forced vibration. The arbitrary constants in
the free vibration can be determined in terms of
waveguide mode amplitudes using the edge conditions
for the panel. After the following steps are carried
out - substitution of these constants into the ex-
pression for panel motion and utilization of the
conditions that the velocity at each face of the panel
must match the corresponding velocity of the fluid
in the guide - the free motion of the panel is ex-
panded in an infinite series of functions orthogonal
over the cross section of the waveguide.

An infinite set of equations is obtained from the
orthogonality of the modes. These equations relate
the amplitudes of the transmitted waveguide modes
to those of the incident modes. Finally, the linearity
of the equations is used to consider each incident
mode separately, thereby reducing the problem of
calculating the transmitted wave to that of inverting
an infinite matrix. At this point it is usually neces-
sary to apply approximate methods. However, in the
important cases mentioned, examination of the form
of the matrix allows the exact inverse of the matrix
to be found. In this way the exact solution specifying
the transmitted wave for any symmetrical incident
wave can be obtained.

The solution is in compiex form; in order to separate
the real and imaginary parts -- and thus calculate the
transmission coefficients -- the specific frequency
range being considered must be stated in terms of the
cut-off frequencies of the waveguide modes. Al-
though the solutions are complicated functions of
frequency involving the sums of one or more in-
finite series, the infinite series converge rapidly, and
numerical results can readily be obtained. Frequen-
cies of complete transmission or reflection of a plane
wave can be computed. Physical interpretation of the
results is difficult, however, especially at high fre-
quencies, because of the coupling between the modes.

For double panels the situation is more complicated,
but the procedures are similar. Three regions of the
waveguide must be considered, but, after the pres-
sure in each region has been expanded in a series of
waveguide normal modes, the driving pressures on
each panel can be calculated. The forcing terms in
the equations of motion for the two panels allow
the motion of each panel to be expressed as a sum
of free and forced motions. Arbitrary constants are
determined by using the edge conditions for the
panels. Application of continuity of fluid and panel
velocity at each panel, together with the orthogonal-
ity of the modes, yields systems of infinite equations
connecting the waveguide mode amplitudes.

The linearity of the equations is used to consider
each incident mode separately. The amplitude. of
the modes in the region between the panels are
eliminated from the equation. Additional mani-
pulation reduces the problem to one of inverting
an infinite matrix. During the reduction process,
however, another simpler infinite matrix must be




inverted. The final matrix is more complicated
than that of the single panel case; in addition, the
terms of the matrix contain an infinite series. It is
remarkable that examination of the form of the
matrix enables the exact inverse to be obtained.
The inverse gives the exact solution, specifying the
transmitted wave for any symmetrical incident
wave. The solution involves a number of infinite
series and is in complex form. A specific frequency
range is necessary so that real and imaginary parts
can be calculated. In the case of an incident plane
wave the transmission coefficient is a complicated
function of frequency involving four infinite series,
but the series converge rapidly so that results can
easily be computed.

As mentioned previously for the case of a thick layer,
with the exception of the case of lubricated bound-
aries, the mathematical difficulties involved in ob-
taining exact solutions have not yet been resolved.
Procedures similar to those applied for panels should
yield solutions when approximate models are used
for the layer.

EXPERIMENTAL WORK

Ingard [2] carried out experiments on the trans-
mission of a plane wave through a membrane in a
cylindrical waveguide. The results substantially
agreed with calculations in the frequency range
below the first anti-resonance. A practical difficulty
involved obtaining a uniform tension in the mem-
brane.

Young [4] carried out experiments on the trans-
mission of a plane wave through a plate in a cylin-
drical waveguide. He examined the cases of clamped,
simply supported, and elastically supported edges
of the plate. He reported reasonable agreement be-
tween measurements and calculation up to the first
anti-resonance frequency.

Experiments on transmission of a (0, 1) waveguide
mode through thin aluminium plates in a rectangular
waveguide dealt with clamped and rubber mounted
plates [5]. At a low frequency there was reasonable
agreement between experimental -esults and the
approximate theory used for the thi

Sewell [8] published results of field me

on brick walls at the Building Research Establish-
ment, England. Comparison of measurements and
theory was difficult because the shape and edge
conditions of the walls differed from those used
in the calculated results.

Flockton and Chapman [10] have carried out ex-
tensive experimental work, of which the results
quoted are only a small part. They considered trans-
mission of a pulse through clamped aluminium plates
that formed a partition across a cylindrical wave-
guide. The waveguide had a hard termination at a
distance beyond the plate and formed a closed
cavity. Their recordings, after Fourier analysis, gave
the complex transmission coefficient of the plate.
Their experiments were in good agreement with the
theory over the ranges considered, but there was a
discrepancy in the region of the anti-resonance
frequency. Instead of one anti-resonance the results
seemed to indicate a pair of anti-resonances. The
explanation for this discrepancy is not yet clear.
Because good agreement was found elsewhere be-
tween theory and experiment, it would seem that
the mathematical results must be correct and that
the model is somehow defective in the region of
anti-resonance. It is known that exact mathematical
edge conditions are very difficult to achieve, and the
simple thin plate model might not always be appli-
cable.

POSSIBLE RESEARCH DIRECTIONS

The theory for single panels has been verified ex-
perimentally at low frequencies for plane wave trans-
mission. Exact solutions have been obtained for the
transmission of modes of any order at any frequency.
Experimental work on the transmission of higher
order modes has not yet been undertaken but would
be of interest, as would computation of the trans-
mission of these modes. Not even for the lowest
plane wave mode study has transmission at higher
frequencies been undertaken. Also of interest would
be the extension of the work to other forms of guide
and to other types of panel and edge conditions.

For double panels, the exact solution has been found
for the membrane model of the panel, but numerical
results have not yet been computed. Experimental
work on guided transmission through double panels
would also be of interest. Extension of the theory
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to two panels that are elastic plates should be pos-
sible. Consideration of various other types of panels,
waveguides, and edge conditions would also be of
interest, as would 2 study of higher mode transmis-
sion and high frequency transmission. Dissipation has
been neglected in the exact solutions but could be
included in the theory.

Both theoretical analysis and experimental work on
transmission through thick layers are needed. With
the exception of the exact solution for the case of
rigid, lubricated walls of the waveguide, littel progress
has been made in the theory of guided transmission
through a thick elastic layer. Fundamental mathe-
matical difficulties remain to be resolved for other
conditions at the walls of the guide. Progress should
be possible, however, using simpler models for the
thick layer.
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LITERATURE REVIEW & 7.

The monthly Literature Review, a subjective critique and summary of the litera-
ture, consists of two to four review articles each month, 3,000 to 4,000 words in
length. The purpose of this section is to present a “‘digest’ of literature over a
period of three years. Planned by the Technical Editor, this section provides the
DIGEST reader with up-to-date insights into current technology in more than
150 topic areas. Review articles include technical information from articles, reports,
and unpublished proceedings. Each article also contains a minor tutorial of the
technical area under discussion, a survey and evaluation of the new literature, and
recommendations. Review articles are written by experts in the shock and vibration
field.

This issue of the DIGEST contains an article which involves mechanical damping
of filled plastics. L.E. Nielsen, a consultant, describes the effects of filler agglomera-
tion on damping and mechanical behavior,

The second article contains the second part of a two part article, Recent Progress
in the Dynamic Plastic Behavior of Structures, by Professor Norman Jones of the
Massachusetts Institute of Technology. The article contains a discussion of a few
numerical studies on the dynamic plastic response of structures.




MECHANICAL DAMPING OF FILLED PLASTICS

L.E. Nielsen*

Abstract - The effects of filler agglomeration on
damping and mechanical behavior are reviewed. It
has been found that damping and elastic moduli
of filled plastics are very sensitive to the state of
agglomeration of filler particles.

Since 1975 [1] the complex damping behavior of
filled plastics has been more adequately explained.
It is now recognized that the damping behavior of
filled plastics and rubbers is related to the state of
agglomeration of the filler particles and to the rigidity
of these agglomerates. This review is limited to a
discussion of the effects of the state of dispersion
and agglomeration of filler particles on the modulus
and damping of plastics and rubbers.

DEFINITIONS

In this review complete dispersion means that each
filler particle is completely surrounded by plastic
or rubber; no true particle-particle contacts exist.
An aggregate consists of several particles that are
in contact and form a discrete unit. The primary
particles are glued together so that the aggregate is
rigid, and no relative motion of the basic particles
occurs within the aggregate during the application of
mechanical forces. An agglomerate is also made
up of a number of basic filler particles, but the
particles can move, and the agglomerate can break
if the mechanical forces are great enough. Thus,
particle-particle motion can occur within an ag-
glomerate particle if it is subjected to a mechanical
force greater than some critical value required to
overcome mechanical friction and particle-particle
attraction. Both aggregates and agglomerates can
agglomerate; the resulting secondary structures are
often called flocs.

Agglomerates form for several reasons. One is poor
mixing of plastic and filler; poor mixing occurs be-
cause the intensity and time of mixing are not suf-
ficient to properly disperse the filler particles, Sec-
ond, the plastic and the filler may not “like’’ each
*Plastics Consultant, Redmond, OR 97766

other; that is, the filler particles may be more strong
ly attracted to each other than they are to the plastic,
and as a result, the plastic does not wet individual
filler particles. In such cases, it is almost impossible
to obtain a good dispersion even if the components
are mixed for a long time. Of course, the degree of
agglomeration increases with filler concentration
because the probability of particle-particle contacts
increases. It is the nature of the filler-particle surface
and not their bulk properties that are important
in agglomeration phenomena.

Damping is defined in terms of the complex dynamic
moduli M* = M’ + iM"". M* refers to the complex
modulus, M’ is the real part of the elastic modulus,
M* is the imaginary part of the modulus, and i =
\/—~1_ In this review damping is expressed in terms
of M"’/M’. Note that M*/M’ can be related in a simple
manner to such damping terms as logarithmic decre-
ment, specific damping capacity, and sound attenua-
tion (2] .

EFFECTS OF FILLER AGGLOMERATION ON
MECHANICAL PROPERTIES

Values for the elastic moduli of filled plastics can

be predicted much more accurately than can values

for damping. As a general rule, however, factors that

increase the modulus will decrease damping. In most

cases, the elastic modulus M of a filled plastic or

rubber can be accurately estimated by the equation
M 1+AB ¢,

M, 1-Byé

where
My /My -1
My /My + A

1-¢
VET+ < ¢mzm> ®2

M; and M, are the elastic modulus (shear or Young's)
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of the plastic and filler, respectively. The volume
fraction of filler is ¢,; @, is the maximum packing
fraction of the filler. The factor Y@, is a reduced
concentration. The constant A, which is related to
the Einstein coefficient, is determined by particle
shape and orientation. Tables of A and ¢,,, have been
published (1] .

A first approximation of the damping of a filled
plastic containing a rigid filler when all the damping
comes from the plastic has been published [3].

M“/M* = MY /M (1= ¢;)

The subscript 1 refers to the plastic phase. Other
equations give somewhat different values for damp-
ing [4,5].

Factors important in determining the modulus are
the values of A and ¢,. Both depend strongly upon
the state of agglomeration and upon the strength of
the interface between the plastic and the filler par-
ticles. For example, for perfectly dispersed spheres,
A = 15 if there is perfect adhesion; i.e., no mation
at the interface. A = O if there is no adhesion; i.e.,
slippage at the interface. For random close packing
of spheres, ¢, has a value of 0.637.

In the case of rigid aggregates both the plastic trapped
inside the aggregate and the plastic in the cusps of
the rough surface are shielded from mecharical
stresses. The apparent volume of such an aggregate
is not the true volume of the particles making up
the aggregate; rather, the apparent volume is the filler
volume plus the volume of trapped plastic. Thus,
for large spherical aggregates, the value of A can
approach 4 rather than the 1.5 value for dispersed
spheres. For this reason, aggregates are very effective
in increasing the modulus. Because the filler aggre-
gates are rigid, the damping source is the plastic
subjected to mechanical stressses. Because part of
the plastic is shielded, damping with aggregates is
less than that of a system containing dispersed
spheres [6] . Typical values for aggregates are A = 4
and ¢y, = 0.637? or 0.406.

Considerable recent research has been done in the
field of plastic filled with agglomerated particles
[7-10]. As long as the mechanical forces are so
small that the agglomerates appear to be rigid, the
values for the modulus and the damping are the same

10

as those for aggregates. However, great changes occur
when the mechanical stresses become great enough
to either break the agglomerates or cause particle-
particle motion within the agglomerates. There is
no theory for evaluating the Einstein coefficient
or A in this case, but the value must approach zero.
The modulus thus drops drastically when particle-
particle motion takes place. In addition, damping
greatly increases because a new damping mechanism
has developed as a result of particle-particle friction.

Several factors determine the degree of agglomera-
tion, the strength of agglomerates, and the coefficient
of friction between particles making up the agglomer-
ates: 1) the size of the primary particles, 2) the
nature of the filler surface and surface treatments,
3) the temperature of the system relative to the
glass transition temperature or melting point of the
plastic matrix, 4) and the elastic modulus of the
plastic. The first two factors determine the extent
of agglomeration, the strength of the agglomerates,
and the friction between particles. The last two
factors largely determine the magnitude of the
mechanical stresses that the plastic matrix can exert
on the agglomerated particles.

Changes in temperature cause complex changes in
damping and in the elastic moduli of plastics filled
with agglomerated particles. These changes are best
understood in terms of relative moduli and damping:
i.e., the modulus or damping of the filled system
divided by the modulus or damping of the unfilled
plastic at the same temperature. The relative modulus
of a rigid plastic tends to increase with temperature
for two reasons: thermal stresses decrease as the
glass transition or melting point is approached [11];
less particle-particle motion occurs within agglomer-
ates as the stiifness of the plastic decreases. At a
temperature close to the glass transition tempera-
ture -- where damping passes through a very large
maximum -- the relative modulus passes through a
pronounced maximum. The maximum in relative
modulus is associated with changes in the agglomer-
ates; they become apparently rigid aggregates because
the reduced stresses applied to the agglomera 2s
decrease as the true modulus drops by a factor of
roughly a thousand as it passes through the glass
transition [10]. In the rubbery state, at tempera-
tures above the glass transition, the relative modulus
decreases with increasing temperature, and the
relative damping increases. The reason for this be-
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havior is largely due to the mismatch in the coef-
ficients of expansion of the plastic and filler. The
mismatch reduces the squeezing forces of the plastic
on the agglomerates. These reduced forces either
allow plastic-filler slippage at the interface or so
decrease the mechanical friction forces that particle-
particle motion within the agglomerates can again
occur [10].

It is apparent from the above discussion that surface

treatments of the filler particles can greatly modify
the damping behavior of filled plastics [10, 12].
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RECENT PROGRESS IN THE DYNAMIC PLASTIC BEHAVIOR OF STRUCTURES
PART 1l

N. Jones*

Abstract - This two-part article reviews the literature
on the dynamic plastic response of structures pub-
lished since 1975. The review focuses on the be-
havior of such simple structural components as
beams, plates, and shells subjected to dynamic loads
that cause extensive plastic flow of material.

Part | dealt with recent work on the behavior of
ideal fiber-reinforced beams, higher modal response
of beams, the influence of transverse shear and
rotatory inertia, approximate methods of analysis,
rapidly heated structures, fluid-structure interaction,
and dynamic plastic buckling. Part |l contains a
discussion of a few numerical studies on the dynamic
plastic response of structures and some miscellaneous
comments and concluding remarks.

NUMERICAL STUDIES

A number of computer programs are available for
studying the dynamic plastic behavior of structures.
A brief review of some of the finite-difference and
more recent finite-element numerical schemes has
been given [1] 1.

The Aeroelastic and Structures Research Laboratory
at the Massachusetts Institute of Technology has
been developing both finite-difference and finite-
elerment numerical procedures for the dynamic be-
havior of structural problems. Leech, Witmer, and
Morino [72] used the finite-difference computer
code PETROS 3 to study the dynamic response
of a variable-thickness, double-iayer, clamped-ended,
elastic plastic conical shell subjected to a frontal
cosine external pressure pulse. This computer pro-
grarm has now been expanded [73, 74] to include
features related for the most part to thicker shells,
thin non-Kirchhoff soft-bonded shells, and/or honey-
comb shells. The capabilities of the PETROS 4
finite-difference computer program have been dis-
cussed [74]

Work has continued on a_finite-element numerical
*Professor, Department of Ocean Engineering, Massachusetts

Institute of Technology, Cambridge, Massachsetts 02139
'For references 1-71, see the Sept., 1978, issue of the digest

scheme for the dynamic response of structures
{75, 77-79] . Wu [75] demonstrated that his numeri-
cal predictions for the deformed profile of a fully-
clamped impulsively-loaded rectangular plate agreed
well with corresponding experimental results [76] .
Wu and Witmer [77] further developed the spatial
finite-elernent and temporal finite-difference scheme
in order to study a broader class of structural prob-
lems. They obtained somewhat better agreement with
experimental results recorded during the dynamic
elastic-plastic response of a cylindrical shell panel
than had been reported previously for a computer
code using a finite-difference procedure.

Numerical predictions for the nonlinear transient
responses of geometrically stiffened cylindrical
panels and rings compared favorably with correspond-
ing experimental results (78, 79]. A finite-element
scheme thus provides efficient and accurate pre-
dictions for the transient behavior of structural
problems involving large deflections and elastic-
plastic material behavior.

The numerical schemes of Wu and Witmer have been
used to examine the dynamic response of strain rate-
insensitive, elastic, perfectly plastic, fully-clamped
beams subjected to impulsive velocity fields dis-
tributed with first, second, and third modal forms
[15]). The maximum permanent transverse displace-
ments for the three modal forms were similar to the
corresponding simple theoretical predictions for a
rigid, perfectly plastic beam; the influence of finite
transverse displacements was included [14]. A
number of assumptions typically made in theoretical
studies in this general area have been examined
with the computer program [15] . Generally speaking,
the in-plane displacements are one order of magni-
tude smaller than the associated lateral or transverse
displacements. The usual procedure for estimating
energy ratios [80] was found to be conservative, at
least for the problems considered.

The considerable expense usually associated with
numerical finite-element studies, especially for
dynamic nonlinear problems has led to the develop-
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ment of an alternative numerical scheme, in which
a structure is replaced by an “‘equivalent’’ system of
small rigid bodies connected to springs that are
distributed over the contact areas between bodies.
This numerical scheme has been used to predict the
dynamic elastic-plastic response of a beam [81]
and a square plate [82] . However, the influences of
finite transverse displacements, or geometric changes,
and material strain rate sensitivity [1] are not re-
tained; further work is therefore necessary to demon-
strate the accuracy of the method and to appraise
the costs associated with more complex problems.

Many other computer programs have been written
to examine the dynamic plastic response of either
structural components or general structural geo-
metries. A few are mentioned in the following para-
graphs.

Some general theoretical principles have been devel-
oped and various numerical procedures formulated
for predicting the dynamic plastic behavior of struc-
tures [60, 83-85]). Visco-plastic and large displace-
ment effects were considered [83]; material elastic-
ity, material work hardening, and geometric changes
were retained in the basic equations used in one
procedure [84]. Some of the the studies [50, 85])
were restricted to infinitesimal displacements; elastic
effects were retained in one [50) and the influence
of material strain hardening and strain rate effects
in another [85]. Beam and frame impact problems
were also examined [85] .

Erkhov [45) formulated the dynamic infinitesimal
response of rigid perfectiy plastic structures as a lin-
ear programming problem that could be solved using
the simplex method. He used his procedure to investi-
gate the dynamic plastic behavior of circular and
square simply-supported plates subjected to uniform-
ly distributed pressure pulses with a rectangular
pressure-time history.

Ni and Lee [86] used a numerical scheme based on
their minimum principle for dynamically loaded
elastic-plastic continua with finite-deformations.
They were able to predict excellent agreement with
numerical and experimental results for cylindrical
shell panels [87], with experimental results for
rectangular plates [76], and with theoretical pre-
dictions for cylindrical shells [88] .
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Bieniek, Funaro, and Baron (89] sought ways to
simplify numerical studies on the dynamic large
displacement response of elastic-plastic stiffened
shells with arbitrary geometry. Bieniek [90] dis-
cussed numerical difficulties associated with inves-
tigations into the dynamic buckling behavior of
elastic-plastic structures.

One difficulty associated with all theoretical and
numerical studies on the dynamic inelastic behavior
of structures has been the paucity of infermation
on the constitutive equations for materials, especially
in the dynamic regime. The influence of material
elasticity, material strain hardening, and strain
rate sensitivity have been briefly discussed [1).
The multi-dimensional constitutive equations are
invariably constructed according to the properties
observed during uniaxial tests [1, 62, 66, 80] . More-
over, the form of the multi-dimensional constitutive
equations for elastic-plastic materials is not yet
clear, even for static problems [91]. This short-
coming is compounded for dynamic problems be-
cause little experimental information exists for strain
rate history effects or combined loadings [92].

Bodner and Partom [93-95] have developed a con-
stitutive equation that is not based on the usual
concept of a yield surface. Rather, the incremental
constitutive equations are functions of state variables
and the current geometry; both can account for all
history and memory effects. Bodner and Partom
used the concepts of dislocation dynamics to provide
a physical basis for their constitutive equations. They
claim these equations are ideal for numerical schemes
because no special conditions are required to dis-
tinguish loading and unloading paths. Recently,
Sperling and Partom [96] developed a numerical
finite-difference procedure based on the Bodner-
Partom constitutive equations. They examined the
dynamic elastic-visco-plastic large deflection be-
havior of a beam.

COMMENTS

The previous sections of this review have surveyed
insofar as possible the literature published during the
last three years. The active area of numerical meth-
ods, for instance, would require an entire article,
Many theoretical studies and practical dynamic
problems involve material inelasticity. This section




contains a samphng of the many current activities
on the dynarmic plastic response of structures and is
not intended to be comprehensive

Experimental Studies

Forrestal and Wesenberg [97, 98] pertormed dy-
namic experimental tests on simply supported beams
made from either aluminum 6061 T6 or mild steel.
The beams were subjected to a short duration mag-
netic pressure pulse with a half-sine wave shape,;
the experimental arrangement was similar to that
used previously for rings [99]. Simple approxi
mate elastic-perfectly plastic and elastic-visco-plastic
theoretical procedures were developed to predict
peak transverse displacements (97, 98] . The results
were in - excellent agreement with corresponding
experimental values.

Experimental studies on the dynamic plastic be-
havior of other beams have been reported [13, 96,
100} . Bodner and Symonds [40] conducted an
experimental investigation on simple plane metal
frames loaded dynamically. Experiments on the
dynamic plastic behavior of fully-clamped circular
plates have been reported [38, 41]. The dynamic
plastic response of a freely suspended cylindrical
shell has been examined [38]. An experimental
investigation into the dynarmic plastic bukcling of cir-
cular rings has been reported in reference [64] in
which the literature on the experimental work in-
volving dynamic plastic buckling of rings and cylin-
drical shells was also reviewed.

An experimental investigation into the structural
characteristics of high explosive containment in
cylindrical vessels has been conducted [101, 102].
Simple rigid-plastic  theoretical procedures were
also developed that provided reasonable estimates for
the permanent radial deformations of the walls of
cylindrical vessels, either with or without end caps
(101,102]

Theoretical and Numerical Studies

Many theoretical and numerical studies have already
been mentioned in this review A few additional
articles are now briefly described.

Krajcinovic [103] derived a theoretical rigid per-
fectly plastic solution for the dynamic infinitesimal
displacerment response of a simply-supported beam
subjected to a uniformly-distributed dynamic load

with an arbitrary pressure-time history. Youngdahl
[104] examined the dynamic plastic behavior of a
rigid perfectly plastic hexagonal frame subjected to
an internal pressure pulse with an arbitrary shape.
The influence of finite displacernents, or geometric
changes, was retained in the governing equations.

The behavior of a multilayered spherical vessel
subjected to a spherically symmetric intermittent
internal pressure pulse has been examined [105].
The vessel consisted of N concentric unsupported
spherical shells made from an elastic-linear work
hardening material; the shells were separated by
evacuated gaps. The pressure pulse caused the inner
layer to move outward and strike the second layer.
The two layers moved outward together until wave
interactions caused them to separate. The second
layer then struck the third layer, and the process
was repeated.

Lepik and Mroz [106] used a mode approximation
procedure to obtain the optimal design of rigid-
plastic structures subjected to dynamic loads. They
sought the design that gave the minimum permanent
displacements of a structure with a given constant
volume of material. The case of a stepwise constant
thickness beam subjected to a uniformly distributed
pressure-pulse with a rectangular pressure-time
history was examined in some detail. The maximum
permanent deflection of an optimal two-step (per
half span) beam was found to be one-half the cor-
responding permanent deflection of a uniform bearn
having the same volume. The impulsive loading of
beams and circular plates was also examined [106] .

Menkes and Opat have continued their work on the
dynamic fracture of structures subjected to very
high pressures for very short times. They presented
the theoretical foundations for a finite-element
numerical procedure ior simple structures that
undergo large deformations and localized ruptures
[107).

Collision Protection of Vehicles

Many articles have been written on the collision
protection of various air, land, and water vehicles;
some of this literature has been reviewed (4, 63, 80,
108, 109]. A few recent theoretical and experi-
mental studies on the dynamic inelastic response of
various components of interest in vehicle crash-
worthiness are briefly discussed in this section,




The dynamic axial collapse behavior of thin-walled
steel box sections has been examined (110, 111]
The response of circular tubes [112], corrguated
tubular sections [113], and beam-columns subjected
to dynamic axial loads [114] has also been inves-
tigated. The review by Thornton and Dharan [115]
contains comments on the dynamic axial buckling
of structures

Shieh [116] developed a general purpose computer
program for the large displacement dynamic response
of elastic-viscoplastic plane frames. The numerical
predictions of the program agreed reasonably well
with the experimental behavior of a steel plane frame
dropped onto a narrow, rigid pole. Mclvor and
Anderson [117] also reported a numerical and ex-
perimental investigation into the inelastic response
of a frame striking a pole. The large deformations of
frames loaded statically have been studied for insight
into the behavior of structural members in vehicles
(118,119]

Garnet and Armen [120] used a finite-element
procedure to examine the mechanics of impact
and rebound of an elastic-linear work-hardening
rod subjected to axial forces; the forces were applied
and removed periodically, and the rod hit a rigid
wall at right angles. Lush and Witmer [121] con-
ducted some experimental tests to study the impact
characteristics of rodlike missiles striking either a
flat rigid barrier or the midspan of a fully-clamped
beam. The missiles had a crushable forebody made
from a semirigid polyurethane foam and a com-
paratively rigid aluminum afterbody.

The theoretical and experimental behavior of inver-
sion tubes and rolling torus load limiters under static
and dynamic axial loads has been examined [122-
124) Tong and Rossettos [126] used a modular
concept to develop a numerical procedure for es-
timating the structural deformations sustained by
vehicles during collisions.

CONCLUDING REMARKS

Material inelasticity plays an important role in
many dynamic structural problems. Some studies
[104, 126] have been motivated by the nuclear
engineering industry; others [61-63, 109, 127] are
related to ship and marine vehicle design. Still others

have been concerned with the collision protection
of automobiles. Energy-absorbing systems (7, 13, 15,
122-124] , defense [20, 53, 60, 107, 128], and the
earthquake resistance of buildings [129] have also
been studied. Simple rigid-plastic analyses could
be used for some of the design problems for buildings
subjected to severe dynamic loads [130] .

It is hoped that this survey article, together with the
earlier one [1], will allow a reader to obtain the
information sought and provide some insight into
the advantages and disadvantages of various ex-
perimental, numerical, and theoretical approaches to
the solution of dynamic structural problems,
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BOOK REVIEWS

FLOW-INDUCED STRUCTURAL
VIBRATION

E. Naudascher, Editor
Springer-Verlag, Berlin, Heidelberg, New York

Flow-induced structural vibration is important in
many areas, including fluid mechanics, hydraulics,
and acoustics. This compilation of material presented
at the Flow-Induced Structural Vibration Symposium
held at the University of Karlsruhe, Germany on
August 14-16, 1972 is concerned mostly with fluid
mechanics. The symposium consisted of 49 papers,
five general lectures, and a panel workshop. The
papers were assigned to eight sessions, labeled A-H.

The chapter dealing with Session A has to do with the
flow of fluid in the air chamber, neppe oscillations,
flapping jets, oscillation of a jet in a rotating fluid,
and hydraulic instability in a pressurized water
reactor.

The informative chapter on Session B stresses mathe-
matical models of flow-induced vibrations. Pertinent
topics include wake and vortex shedding past a single
cylinder, prediction of flutter forces, low frequency
components of separated flows, and fluctuating
pressures on bluff bodies. This chapter contains a
tremendous amount of information. The subjects
have generated many papers in technical journals
during the past few years.

Session C had to do with the role of hydraulic sys-
tems in initiating flow-induced vibration. At one time
little thought was given to the dynamics of hydraulic
systems except for instability. This chapter contains
information on the vibration of vertical left gates,
dam and gate vibrations, and vibrations of swing
check valves and gate valves. A paper on flow-induced
structural oscillations compares analyses with hydro-
namic measurements on structures.

Flow-induced vibrations of beams and bridge docks,
the topic of Session D, have been studied since the

Tacoma Narrow Bridge disaster, Flutter -- the cause
of the bridge failure -- as well as vibration and aero-
dynamic theory have played important roles in the
design of bridges and the wings, tail surfaces, and
turbine blades of airplanes. The various papers
discuss flutter, aerodynamic response to turbulent
wind, torsional oscillations of H sections in random
gusts, and torsional oscillations. Buildings oscillate
during random gusts and winds. A paper on wind
tunnel tests shows its application to design.

Session E considered flow-induced vibrations of
bluff bodies. They include unsteady aerodynamics
of wings and blades, unsteady pressure oscillations
on circular cylinders, flow-induced oscillations of
cantilevered cylinders in water, and vortex-induced
vibrations of triangular cylinders. One paper covered
the correlation between forces and flow-field features
for bluff cylinders. The reviewer considers this
session a most informative one.

Session F had to do with flow-induced vibrations of
marine structures; such vibrations have become
prominent in the past few years. An excellent paper
on ocean wave spectra and eddies is recommended
for readers interested in ship design. Other papers
consider oscillations of full-scale piles, vibrations
of mooring lines, hydrofoil flutter, hydroelastic
motion of two cylinders on cylindrical supports, and
flow-induced vibrations of two cylinders in tandem,

Flow-induced vibrations of shells and pipes are
important in power plant and reactor design. The
papers of Session G consider various problems in
such design, as well as in smoke stacks.

Session H, flow-induced vibrations relating to build-
ings, was also discussed in Session D. The response
of buildings to flow-induced stimuli has become a
topic of importance due to recent wind damage of
large buildings. This session also considered tur-
bulence-induced vibration and vortex generation in
a wind tunnel on bluff buildings -- a modern design
approach. Other papers discuss wake galloping,

- S TR S

P RO

e

il e




which is an oscillation instability, and plus galloping
oscillations of prisms in smooth and turbulent flow.

In cummary, this is an excellent book, and the
editor is to be congratulated. The reviewer would
have liked to have seen papers on aircraft noise and
acoustic failures due to sonic fatigue in both air-
craft and reactors. Many of the papers from this
symposium are of interest to the engineer and scien-
tist engaged in flow-induced vibrations. The sympos-
iurmn served as an introduction to the world of dy-
namic fluid mechanics, and the book is a must for
workers in this field.

Herb Saunders

General Electric Company
Building 41, Room 319
Schenectady, NY 12345

CLASSICAL AND MODERN MECHANICS

J.H. Bartlett
The University of Alabama Press, University, AL
1975

This book is a no-nonsense collection of a number of
the paths that have led to modern mechanics. The
complexity of the material increases from chapter
to chapter, however, Bartlett effectively maintains
a style of simplicity and readability. Excess mathe-
matical complexity has been eliminated, and a
minimum number of variables (often just one)
have been used to explain and illustrate the con-
cepts. This book is writter: for the engineer and
scientist with a good grasp of elementary physics.

The text is not polished but is rather a collection of
type written sheets and diagrams. The table of
contents is adequate, appendices, references, and
an author’'s index are included, but there is no
subject index

Much of the motivation for this book derives from
the author’s experience as teacher and investigator
in the field of high-energy accelerators, the restricted
three body problem, and stability problems for
systems having periodic characteristics.

The first two chapters, “’Simple Motion’* and "‘Gener-
al Equations of Motion,” contain the elementary

theory, which is applied and expanded in succeed-
ing chapters.

The directness and simplicity of Bartlett’s style of
presentation is illustrated by his definition of poten-
tial energy. His simple, rather nonmathematical,
explanation is more satisfying than the normal
three-dimensional vector presentation involving the
introduction of exact scalar differentials, the poten-
tial energy function, and potential energy.

Succeeding chapters examine the elliptic functions
associated with the pendulum and top; the two-body
problem, magnetic dipoles, Faraday’s law, and
Maxwell’s equation.

The advanced nature of the book becomes evident
in chapters covering the betatron, linear accelerator,
the dynamics of special and general relativity, and
contact transformations for the analysis of beams or
particles. Other sections deal with general auto-
nomous systems, the stability of periodic non-
autonomous systems, motion in the field of a mag-
netic dipole, and the restricted three-body problem.

This book should be of interest to advanced graduate
students and researchers working in the general
areas described above.

M. Taylor

Applied Mechanics Division
University of Virginia
Charlottesville, VA 22901

VIBRATION: BEAMS, PLATES
AND SHELLS

A. Kalninsand C.L. Dym, Editors
Halsted Press, 1976

This book is one of a series of Benchmark Papers in
Acoustics. Each of the other volumes deals with a
particular subject in acoustics. Titles and editors of
the other eight volumes are: Underwater So'nd,
V.M. Albers; Acoustics, Historical and Philosophical
Development, R.B. Lindsay; Speech Synthesis,
J.L. Flanagan and L.R. Rabiner; Physical Acoustics,
R.B. Lindsay; Musical Acoustics Part |, Violin Family
Components, C.M. Hutchins; Musical Acoustics Part
11, Violin Family Functions, C.M. Hutchins; Ultra-
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sonic Biophysics, F. Dunn and W.D. O’Brien; Musical
Acoustics, Piano and Wind Instruments, E.L. Kent.
The series editor is R.B. Lindsay.

This most recent volume contains 41 papers under
the following headings:

Vibration and Waves in Beams, five papers
Vibration and Waves in Plates, ten papers

Free Vibration of Shells, ten papers

Dynamic Response of Shells, six papers
Nonlinear Vibration, six papers

Damping, four papers.

Each section contains a brief, clear, and well written
summary of the highlights of each paper and, in
some instances, a perspective vis-a-vis other papers
on the same topic.

The papers range from early contributions of basic
technical importance but mostly of historical interest
to papers of considerable analytical and practical
importance that were published during the past
25 or 30 years and are still useful to papers that
seem mostly of academic interest and thus have
limited significance.

Among the papers of historical interest is a three-
page excerpt from Theory of Sound, in which Lord
Rayleigh rationalizes his separation of shell vibra-
tions into extensional and inextensional cases. Alsc
inciuded is Love's paper on thin shells containing
a critique of Rayleigh’s point of view. Other historical
papers include that of Timoshenko on the correction
for shear in beams and that of Reissner on his shallow
shell theory. Papers on waves are by Lamb, Mik-
lowitz, Mindlin and his colleagues, Gazis, and others.
Several papers on nonlinear vibrations are also in-
cluded.

Papers of considerable importance published in the
past 30 years include Young's paper on vibration of
rectangular plates containing tables of mode shapes
and frequencies under various boundary conditions.
Also in this category is the expository paper by
Crandall on the role of damping in vibration theory.

A number of excellent scholarly papers deal in
many instances with narrowly defined academic
or esoteric problems. Nevertheless, these papers are
excellent examples of careful research and, in some

cases, elegant analysis.

The editors indicate in the Preface that they have
chosen papers not necessarily for their originality
but for their clarity. Clarity, however, is a subjective
measure and cannot substitute for what should have
been an objective selection of benchmark papers.
Fortunately, most of the papers are significant ones,
but the substitution of originality by the subjective
measure of clarity opens the door to the possibility
of parochialism in the selection process. Other
editors undoubtedly would have faced the same
problems in making selections and perhaps would
have fallen into the same trap.

John E. Goldberg

Guest Professor

Ruhr-Universitat Bochum

Institut f. Konstruktiven Ingenieurbau
463 Bochum-Querenburg, Postfach 2148




SHORT COURSES

OCTOBER

VIBRATION DAMPING

Dates: October 23-26, 1978

Place: University of Dayton Research Institute
Objective: To cover the science and art of utilizing
vibration damping materials to reduce the undesir-
able effects of noise and vibration on structures and
equipment. The course is designed to teach the
background, basic analytical methods and experi-
mental techniques needed for design and application
of damping treatments in aircraft and spacecraft
structures, engines and equipment. Step by step
procedures will be discussed, along with case his-
tories. The fee for early registration is $410 (before
October 2, 1978) and $425 thereafter.

Contact: Vibration Damping Short Course, Re-
search Institute - KL 501, University of Dayton,
Dayton, OH 45469, Attn: Dale H. Whitford, (513)
229-4235.

MACHINERY VIBRATION SEMINAR

Dates: October 24-26, 1978

Place: MTI, Latham, New York

Objective: To cover the basic aspects of rotor-bear-
ing system dynamics. The course will provide a funda-
mental understanding of rotating machinery vibra-
tions; an awareness of available tools and techniques
for the analysis and diagnosis of rotor vibration
problems; and an appreciation of how these tech-
niques are applied to correct vibration problems.
Technical personnel who will benefit most from this
course are those concerned with the rotor dynamics
evaluation of motors, pumps, turbines, compressors,
gearing, shafting, couplings, and similar mechanical
equipment. The attendee should possess an engineer-
ing degree with some understanding of mechanics
of materials and vibration theory. Appropriate job
functions include machinery designers; and plant,
manufacturing, or service engineers,

Contact. Mr. Frank Ralbovsky, MTI, 968 Albany-
Shaker Rd., Latham, NY 12110 - (518) 785-2349.

STRUCTURAL ANALYSIS SHORT COURSE

The following short course in structural analysis
is being offered by Schaeffer Analysis in October
of 1978 in Boston, Massachusetts.

Composite Materials
e Structural Applications of Composite Ma-
terials
October 23-26, 1978

Contact:  Schaeffer Analysis, Kendall Hill Road,
Mont Vernon, New Hampshire 03057 - (603) 673-
3070.

MECHANICAL RELIABILITY AND PROBABILIS-
TIC DESIGN FOR RELIABILITY

Dates: October 30-November 3, 1978

Place: The George Washington University
Objective: Topics to be discussed include the proba-
bilistic-design-for-reliability or the stress-streroth-
distribution-interference approach to design; the com-
parison of the conventional design to the proba-
bilistic-design-for-reliability methodology; the deter-
mination of the failure-governing stress and strength
distributions, the computation of the associated
reliability with a desired confidence, and the predic-
tion of the reliability of components and structural
mermbers subjected to static or to fatigue loads.

Contact:  Continuing Engineering Education Pro-
gram, George Washington University, Washington,

D.C. 20052 - (202) 676-6106 or toll free (800) 424-
9773.

NOVEMBER

DIGITAL SIGNAL PROCESSING
Dates: November 6-10, 1978

23




Place The George Washington University
Washington, D.C.

Objective. The course is designed for engineers,
scientists, technical managers, and others who desire
a better understanding of the theory and applications
of digital signal processing. The objective of this
course is to provide the participants with the essen-
tials of the design of IIR and FIR digital filters,
signal detection and estimation techniques, and the
development of Fast Fourier Transform Algorithms.
The applications of digital signal processing to speech
processing will also be discussed. The mathematical
concepts needed for understanding this course will
be developed during the presentation.

Contact Continuing Engineering Education Pro-
gram, George Washington University, Washington,
D.C. 20052 - (202) 676-6106 or toll free (800) 424-
9773.

VIBRATION AND SHOCK TESTING
Dates: November 6-10, 1978
Place Washington, D.C.
Objective: Lectures are combined with physical
demonstrations: how structures behave when me-
chanically excited, how input and response forces
and motions are sensed by pickups, how these electri-
cal signals are read out and evaluated, also how
measurement systems are calibrated. The relative
merits of various types of shakers and shock machines
are considered. Controls for sinusoidal and random
vibration tests are discussed.

»
Contact:  Wayne Tustin, Tustin Institute of Tech.,
Inc., 22 East Los Olivos St., Santa Barbara, CA
93105 - (805) 963-1124,

VIBRATION AND SHOCK SURVIVABILITY

Dates November 6-10, 1978

Place: Ling Electronics, Anaheim, California
Objective: Topics to be covered are resonance and
fragility phenomena, and environmental vibration and
shock measurement and analysis, also vibration and
shock environmental testing to prove survivability.
This course will concentrate upon equipments and
technqiues, rather than upon mathematics and
theory.

Contact Wayne Tustin, 22 E. Los Olivos St.,

Santa Barbara, CA 93105 - (805) 963-1124.

16TH ANNUAL RELIABILITY ENGINEERING
AND MANAGEMENT INSITUTUTE

Dates: November 6-10, 1978

Place: Tuscon, Arizona

Objective: The course will cover the following top-
ics: Reliability engineering theory and practice;
Mechanica! reliability prediction; Reliability testing
and demonstration; Maintainability engineering, Pro-
duct liability; and Reliability and Maintainability
Management.

Contact:  Dr. Dimitri Kececioglu, Aerospace and
Mechanical Engineering Dept., University of Arizona,
Bldg. 16, Tucson, AZ 85721 - (602) 626-2495/
626/3901/626-3054.

MACHINERY VIBRATIONS COURSE

Dates: November 13-16, 1978

Place: Oak Brook, Illinois

Objective: This course on machinery vibrations will
cover physical/mathematical descriptions, calcula-
tions, modeling, measuring, and analysis. Machinery
vibrations control techniques, balancing, isolation,
and damping, will be discussed. Techniques for
machine fault diagnosis and correction will be review-
ed along with examples and case histories. Torsional
vibration measurement and calculation will be cover-
ed.

Contact: Dr. Ronald L. Eshleman, Vibration
Institute, Suite 206, 101 West 55th St., Clarendon
Hills, IL 60514 - (312) 654-2254.

JANUARY

STRUCTURED PROGRAMMING AND SOFTWARE
ENGINEERING

Dates: January 8-12, 1979

Place: The George Washington University
Objective: This course provides up-to-date technical
knowledge of logical expression, analysis, and inven-
tion for performing and managing software architec-
ture, design, and production. Presentations will
cover principles and applications in structures pro-
gramming and software engineering, including step-
wise refinement, program correctness, and top-




down system development.

Contact: Continuing Engineering Education Pro-
gram, George Washington University, Washington,
D.C. 20052 - (202) 676-6106 or toll free (800) 424-
9773.

FEBRUARY

VIBRATION AND LOOSE PARTS MONITORING
SYSTEMS AND TECHNOLOGY

Dates: February 5-8, 1979

Piace Los Angeles, California

Objective: A course designed for users, utility
designers specifying systems, installers, operators,
and analysts of Vibration and Loose Parts Monitoring
Systems. Classroom instruction in theory, installa-
tion, calibration, alarms and location, signature
analysis, noise analysis, and troubleshooting and
servicing. Practical demonstration includes student
“hands-on’’ operation of equipment.

Contact: C.A. Parker, Nuclear Training Center,
Atomics International, P.O. Box 309, Canoga Park,
CA 91304 - (213) 341-1000, Ext. 2811.

FLOW-INDUCED VIBRATION PROBLEMS AND
THEIR SOLUTIONS IN PRACTICAL APPLICA-
TIONS: TURBOMACHINERY, HEAT
EXCHANGERS AND NUCLEAR REACTORS

Dates February 12-16, 1979

Place: The University of Tennessee Space Inst.
Objective: The aim of the course is to provide
practicing engineers engaged in design, research and
service, an in-depth background and exposure to
various problems and solution techniques developed
in recent years. Topics to be covered will be the
fundamental principles of wunsteady fluid flow,
structural vibration and their interplay; review of
the morphology of flow-induced vibration; state-
of-the-art discussion upon theory, experimental
techniques and their interaction, methodology of
alleviation.

Contact: Jules Bernard, The University of Tennes-
see Space (nstitute, Tullahoma, TN 37388 - (615)
455-0631 - Ext. 276 or 277.

MARCH

MEASUREMENT SYSTEMS ENGINEERING

Dates: March 12-16, 1979

Place: Phoenix, Arizona

MEASUREMENT SYSTEMS DYNAMICS

Dates: March 19-23, 1979

Place: Phoenix, Arizona

Objective: Program emphasis is on how to increase
productivity, cost-effectiveness and data-validity of
data acquisition groups in the field and in the labora-
tory. The program is intended for engineers, scien-
tists, and managers in industrial, governmental, and
educational organizations, Electrical measurements of
mechanical and thermal quantities are the major
topics.

Contact: Peter K. Stein, 5602 E. Monte Rosa,
Phoenix, AZ 85018 - (602) 945-4603/946-7333.

APPLICATIONS OF THE FINITE ELEMENT
METHOD TO PROBLEMS IN ENGINEERING
Dates: March 12-16, 1979

Place: The University of Tennessee Space Inst.
Objective: This course will concentrate on material
developed recently and provide a solid foundation
for those relatively new to the field. Tapics to be
covered are the treatment of mixed type equations
which occur in transonic flow and wave motion in
nonlinear solids, mixed type elements which are of
importance in systems such as the Navier-Stokes
equations, the interrelationship between the equation
formation and the iterative scheme needed to solve
any of the nonlinear equations the advantages of
hybrid elements, and the use of interactive graphics
as an aid to problem solution.

Contact: Jules Bernard, The University of Tennes-
see Space Institute, Tullahoma, TN 37388 - (615)
455-0631. Ext. 276 or 277,
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NEWS BRIEFS

CALL FOR PAPERS
Design and Applications:
Advanced Composite Materials

The Mechanical Failure Prevention Group (MFPG)
sponsored by the National Bureau of Standards;
Office of Naval Research, Department of the Navy;
Department of Energy; and NASA Goddard Space
Flight Center will hold its 29th Symposium at the
National Bureau of Standards, Gaithersburg, Mary-
land on May 22-24, 1979. Papers are desired in the
following areas: Applications in land, marine, and
aerospace systems; Analytical techniques, Fabrication
techniques; Non-destructive testing; Failure modes;
Environmental effects; and Materials. Proceedings
in the form of extended abstracts, 2-4 typewritten
pages, will be published by the National Bureau
of Standards. Closing date for initial abstracts is
January 1, 1979 and for extended abstracts, April
30, 1979. Abstracts should be sent to Jesse E. Stern,
Code 721, Goddard Space Flight Center, Greenbelt,
Maryland 20771 - (301) 982-2657.

ASA ANNOUNCES THE AVAILABILITY
OF TWO NEW NOISE STANDARDS

New standards on noise rating with respect to speech
intelligibility and criteria for permissible ambient
noise during audiometric testing have been published
by the Acoustical Society of America. Both docu-
ments are American National Standards, having been
prepared by Standards Committee S3 of the Ameri-
can National Standards Institute (ANSI). The Acous-
tical Society holds the Secretariat of the ANSI S1,
S2 and S3 committees on Physical Acoustics, Shock
and Vibration and Bioacoustics respectively.

The new standards are designated ANS $3.1-1977
(ASA Catalog No. 9-1977), Criteria for Permissible
Ambient Noise During Audiometric Testing, and ANS
$3.14-1977 (ASA Catalog No. 21-1977), Standard
for Rating Noise with respect to Speech Intelligibil-
ity. Both documents are avialable for $7.00 each
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from Dept. STD, AIP Back Numbers Department,
335 E. 45th St., New York, NY 10017. Orders not
accompanied by payment will be subject to a $2.00
handling charge.

In addition to these documents, the Acoustical
Society has available an index of Noise Standards
covering standards published in the United States,
International Standards and standards published in
other countries. Also available is a noise standards
package which includes key American National
Standar